The gel phase of bovine nasal secretion was separated from the liquid phase and exposed to parainfluenza-3 virus or Vibrio cholerae neuraminidase under optimal in vitro conditions. N-Acetylneuraminic acid was released from the gel by either neuraminidase. The release of N-acetylneuraminic acid was accompanied by a decrease in the net negative charge of the gel, as evidenced by free zone electrophoresis. Scanning electron microscopy showed that after exposure to neuraminidases the regular network structure of the untreated gel attained a coarse, irregular structure. Samples of gel incubated with 0.15 M sodium chloride under similar conditions did not show changes in the net charge or morphology.
The gel phase of bovine nasal secretion was separated from the liquid phase and exposed to parainfluenza-3 virus or Vibrio cholerae neuraminidase under optimal in vitro conditions. N-Acetylneuraminic acid was released from the gel by either neuraminidase. The release of N-acetylneuraminic acid was accompanied by a decrease in the net negative charge of the gel, as evidenced by free zone electrophoresis. Scanning electron microscopy showed that after exposure to neuraminidases the regular network structure of the untreated gel attained a coarse, irregular structure. Samples of gel incubated with 0.15 M sodium chloride under similar conditions did not show changes in the net charge or morphology.
Previous studies have shown that the interaction of parainfluenza-3 virus (PIV-3) with mucus can be measured chemically by determining the release of N-acetylneuraminic acid (NANA) from glycoproteins in the gel phase of bovine nasal (11) or tracheal (2) secretion. It has also been demonstrated that the effect of PIV-3 on the rheological properties of nasal secretion can be measured with a cone-plate viscosimeter. It was then found that the gel phase has a non-Newtonian behavior and that incubation with PIV-3 increased the initial viscosity of this phase. On the other hand, the liquid phase of nasal secretion, which has a Newtonian behavior, was not affected in its rheological properties (2) .
Free zone electrophoresis (5) and scanning electron microscopy were used in the present study, dealing with effects of PIV-3 neuraminidase on the net charge and morphology of the gel.
MATERIALS AND METHODS Virus. The bovine PIV-3 strain Tub E6 was used.
This strain has a high neuraminidase activity (1, 11) in comparison with other strains tested. The strain (Fig. 1) . The peak fraction of the gel exposed to PIV-3 or to V. cholerae neuraminidase tended to move slightly towards the cathode (Fig. 1) .
Morphology of the gel after various exposures. Scanning electron microscope samples of the gel phase incubated with 0.15 M NaCl for 2 h at pH 4.5 showed a fairly regular, porous network structure with holes distributed throughout the gel (Fig. 2a, 3a) . The threadlike structures of the network were smooth (Fig. 3a) . The diameter of the threads varied between 50 and 500 nm.
After exposure to PIV-3 for 2 h at pH 4.5 and 37 C, the network structure of the gel appeared coarse and granulated (Fig. 2b, 3b) . Dense patches consisting of accumulated coarse, granulated material were observed in the gel. In some parts, the threadlike material showed a coarse, nodular appearance (Fig. 3b) . After 6 or 12 h, or overnight exposure of the gel to PIV-3, a structure similar to that seen after exposure of the gel to PIV-3 for 2 h was observed. The overnight exposure of the gel with PIV-3 resulted in about twice as much released NANA as was observed after 2 h. After exposure to 10 U of V. cholerae neuraminidase for 2 h at 37 C and pH 4.5, the gel network structure appeared irregular and nodular (Fig. 2c, 3c ). Similar morphological changes were observed when the gel was incubated at pH 7.3. 
DISCUSSION
The epithelium of the respiratory tract is covered by mucus, the gel phase of which is superficial to the liquid phase. In this liquid phase, cilia of the respiratory epithelium beat (4, 7, 8, 9, 14; glycoproteins, some of which constitute viral receptors with NANA as a terminal and prosthetic moiety (3, 14, 15) . It has been suggested (11) that PIV-3 penetrates the mucus by a mechanism that includes adsorption to receptors in the gel by viral hemagglutinin and release of virus from these receptors by viral neuraminidase.
The structure of the gel phase is based on a network of long polysaccharide molecules which are kept dispersed by negative ions (8) . Changing the net negative charge of the molecules by adding divalent cations, or by splitting off the negative ions, would cause coagulation of the gel (8) . NANA is a strong negative moiety which has a terminal position on polysaccharide molecules (3). Simultaneously with a release of NANA, induced by PIV-3 or neuraminidase derived from V. cholerae, a change of the morphology of the gel was observed (Fig. 2, 3 ). Electrophoretic studies (Fig. 1) indicated a decreased net negative charge of the peak fraction of the gel at pH 4.5 after exposure to PIV-3 or to V. cholerae neuraminidase. The hypothesis is therefore proposed that the dispersion of the network structure of the gel is lost due to the release of negatively charged NANA (Fig. 5) . The network structure collapsed locally, result- ing in increased amounts of material in some patches and decreased amounts of material in adjacent patches (Fig. 2b,c; 3b,c; 5d) . The coarse appearance of the threads of the gel structure was not due to assembled virus material, but rather to virus-gel interaction, since a similar appearance was observed after exposure of gel to V. cholerae neuraminidase. When the gel was used as substrate at pH 4.5, this free neuraminidase had about a threefold higher activity (36%) than the PIV-3 neuraminidase (11%). The morphological changes of the gel were also more pronounced after exposure to the bacterial enzyme (Fig. 2c, 3c) . These results strongly suggested that the effect of PIV-3 on the morphology of the gel was due to its neuraminidase activity.
The experiments were performed at pH 4.5, which is the optimal pH for the activity of PIV-3 neuraminidase in vitro (1). Since V. cholerae neuraminidase has a pH optimum at pH 7.3, parallel experiments were performed at pH 7.3 and 4.5 with that enzyme. The results obtained from the scanning electron microscope studies were similar regardless of the pH used. However, it is difficult to compare these in vitro experiments, performed under standardized conditions, to the conditions in vivo. At natural infection, the number of PIV-3 particles is probably too small to cause the major changes of the gel phase as described above. However, during infection, the virus is spread to many epithelial cells in the respiratory tract, as illustrated in organ cultures (13) . The PIV-3-infected cells might release enough virus to produce changes in the gel structure similar to those observed in specimens in vitro.
